Tissue biopsy samples from patients with and without ileal pouches were examined by electron microscopic and microbiologic culture techniques to determine the numbers and types of microorganisms closely associated with or within the tissue biopsy samples. The disease status of each patient was determined by endoscopic and histopathologic methods. Of the 78 biopsy samples included in this study, 64 (82%) yielded obligately anaerobic and/or facultative bacteria when they were cultured. Fourteen of the 78 samples (17.9%) were negative by culture. Of the positive samples, 54 contained facultatively anaerobic bacterial species and 50 yielded obligately anaerobic species. The total counts for facultatively anaerobic bacteria for samples from patients with pouchitis were significantly greater than for samples from patients in control groups. In addition, the number of samples from patients with normal pouches that did not contain obligate anaerobes was significantly less than that from patients with pouchitis; 4 of 23 and 6 of 12 samples, respectively (P < 0.043). For samples in which organisms were detected, there was agreement with electron microscopic detection of bacteria in 23 of 27 samples, for an overall sensitivity of electron microscopy compared with that of culture of 85 %. The qualitative studies resulted in the characterization of 273 isolates comprising 77 different phenotypes. The specificity of these findings in patients with ileal pouchitis is discussed.
Many inflammatory conditions of the gastrointestinal tract are grouped under the term inflammatory bowel disease. Much effort has been directed toward finding an etiology for these conditions. An inflammatory condition associated with the surgical construction of ileal reservoirs for patients with ulcerative colitis (and occasionally Crohn's disease or familial polyposis) has been described. This clinical syndrome, commonly known as pouchitis, has been identified in approximately 20% of patients with either a Kock continent ileostomy or a pelvic ileal pouch (4, 9) . The symptoms of pouch inflammation, described in detail elsewhere (11, 18) , include diarrhea, bloody discharge, fever, and characteristic histopathologic changes consistent with an acute inflammatory process. Clinical studies suggest that an increased number of obligate anaerobes (OAs) may be involved in the disease process, because of the favorable response of many patients to antimicrobial therapy directed against this group of microorganisms (6) . Studies of the intestinal microflora of patients with Kock pouches, pelvic pouches, or conventional ileostomies have, however, yielded conflicting results. In one study of the microflora obtained from the reservoirs of patients with ileal pouch inflammation, the authors conclude that the total facultative anaerobe (FA) population is greater than that in ileal pouch patients without inflammation (8) , while a second study reports that the FA population is greater (12) . Additional studies indicated that in patients with ileoanal anastomosis there was a significant correlation between chronic inflammation and the number of FAs and between chronic inflammation and the number of OAs and total bacterial counts (17) .
The present study was prompted by preliminary observa-* Corresponding author.
tions of tissue biopsy samples from pouch wall biopsy samples obtained from patients with ileal pouch inflammation. Transmission electron microscopic (TEM) examination of these specimens revealed bacteria within the tissues in some cases. We therefore undertook the examination of tissue biopsy samples from patients with and without ileal pouches by electron microscopic and microbiologic culture techniques to determine the numbers and types of microorganisms associated with or within the biopsy samples and to determine whether there were bacteriologic differences between patients with active pouch disease and various other patient groups.
MATERIALS AND METHODS
Patient groups. Patients from the Toronto General Hospital, Toronto, Ontario, Canada, were placed into one of five groups on the basis of endoscopic inspection, histopathologic evaluation by light microscopy of fixed tissue, and clinical findings. The methods of evaluating disease status, baseline information regarding current medications and the presence of symptoms suggestive of inflammation, and the correlation between endoscopic and histopathologic methods are described in detail elsewhere (11 recommended for the recovery of the specific groups of microorganisms (7) . Following incubation, quantitative plates were examined, colony types were enumerated, and subcultures were prepared for identification. An additional specimen obtained from the final wash solution for each biopsy sample was also plated for both OAs and FAs. Growth on these plates precluded any additional analysis of a biopsy sample. Identification of isolates was accomplished by previously described techniques (14) . All colony counts were expressed as log1o CFU per gram of sample.
Electron microscopy. Biopsy samples were fixed for 2 h at room temperature in a mixture containing 2% paraformaldehyde, 2.5% glutaraldehyde, and 25 mg CaCl2 in 0.1 M sodium cacodylate buffer (pH 7.4); washed overnight in 0.1 M sodium cacodylate buffer (pH 7.4); and postfixed in 1.5% collidine-buffered osmium tetroxide. Preceding dehydration in alcohol, the specimens were stained en bloc with uranyl acetate (2) . Tissues were embedded in Epon 812. Blocks were cut with a diamond knife on an LKB IV ultratome, stained with lead citrate, and examined blindly by TEM by one electron microscopist (A.M.D.). All specimens were examined for the presence of intramural bacteria. Findings were recorded as the presence or absence of organisms, along with the morphologic characteristics of the organisms observed.
Comparison of electron microscopic and microbiologic findings. A comparison of the electron microscopic and microbiologic findings was made at the completion of the study, with an arbitrary cutoff of 106 CFU/g of tissue as the sensitivity level for a positive electron microscopic finding. This cutoff level was necessary because of the greater sensitivity of culture results than the actual observation of organisms in thin sections examined by TEM. If bacteria were cultured at this level or higher and organisms were seen by TEM, then a positive correlation was recorded. If organisms were cultured at less than 106 CFU/g of tissue and no bacteria were seen by TEM, a positive correlation was recorded. Finally, if bacteria were detected by culture in numbers less than 106 CFU/g and morphologically consistent organisms were seen by TEM, a positive correlation was recorded, since by chance alone it would be possible to detect organisms by TEM in some samples if the sections were obtained from an area where organisms were present.
Statistical analysis. all but groups I and III (P < 0.06 and P < 0.07 versus group II, respectively). An examination of the samples that were negative for any organisms by culture revealed that both the control groups, groups IV and V, had a higher percentage of completely negative cultures than did group II (P < 0.063 and P < 0.061, respectively).
Comparison of bacterial culture and electron microscopy. A comparison of the electron microscopic findings of bacteria within the biopsy tissue and positive culture results is shown in Table 2 . For samples in which organisms were seen by electron microscopy and which yielded a positive culture, 23 of 27 correlated, for an overall sensitivity of electron microscopy compared with that of culture of 85%. For groups I, II, and IV, there was 100% agreement between the two techniques, while the agreement for group III (pouch indeterminate) was 62.5%, and for group V (ileostomy) it was 50%. For biopsy samples that were negative by electron microscopy, 39 of 51 samples showed agreement between electron microscopic findings and culture results, a finding indicating that the specificity of electron microscopy versus that of culture was only 76%. It is noteworthy that for the pouchindeterminate group, there was a correlation with culture of only 50% for the negative samples, compared with 71 to 100% for the other groups. An examination of the electron microscopic findings by group (Table 3) revealed that a similar percentage of samples from patients in groups I, II, and III had findings that were positive or negative by electron microscopy. However, both of the control groups (groups IV and V) yielded a lower number of positive observations and a corresponding higher number of negative findings. For the ileostomy group (group V) the findings were significantly different from those for group II (pouchitis) or the groups with pouches (groups I, II, and III) as a whole.
Comparison of total FA and OA counts. A comparison of the total OA and total FA counts for the various groups is shown in Fig. 1 A total of 273 separate isolates were characterized from the 78 biopsy samples (mean of 3.5 isolates per biopsy sample). A total of 77 phenotypes were identified, which allowed 262 of the 273 isolates (96%) to be placed into 1 of 72 species and/or genus designations, while 11 (4%) of the isolates representing five phenotypes could not be placed into a genus or species by the methods used in this study. A comparison of the most commonly isolated organisms by group (Table 4) indicates that certain organisms were more frequently isolated from the pouch biopsy samples (groups I, II, and III) than from the control group biopsy samples (groups IV and V). All of the Bacteroides vulgatus isolates (frequency, 10 of 49 samples) came from the pouch biopsy samples, with no isolates of this organism coming either from normal ileal tissue or from the ileostomy biopsy samples (0 of 29; P < 0.024). Ifjust the samples from the normal pouch group (group I) are compared with samples from the control groups, an even greater difference is noted (P < 0.007). Similarly, most of the Escherichia coli isolates were from the pouch biopsy samples (12 of 49), with only two isolates from the 28 control biopsy samples (P < 0.01). The isolation of Bacillus spp. from pouch samples was marginally significant, with 7 of 49 biopsy samples in the pouch groups and none of the control biopsy samples yielding this organism (P < 0.085).
Although the frequency of isolation of Streptococcus spp. of various types was not significantly different among the five groups, it can be seen that the highest counts for (8) .
In the present study, the most dramatic findings were total FA counts in biopsy samples from patients with pouchitis, which were, on average, 1,000 to 10,000 times higher than those noted in the control groups and 50 to 500 times higher than those noted in the other patients with ileal pouches. The total OA counts were slightly higher in the pouch-normal group than in the other patient groups but were otherwise unremarkable. These findings are at variance with bacteriologic studies of lumen contents that indicate that total OA counts are higher in patients with pouchitis than they are in controls (8) . If (19) . Is it possible that the creation of a pouch mimics, to some extent, the stasis that can occur microbiologically within the rumen? Alternatively, one study of the intestinal contents of patients with diversion colitis suggests that the absence of the principal end products produced by OAs, SCFAs, are related to the development of inflammation and that restoration of the concentrations artificially is beneficial in treating these patients (5) . Studies are in progress to measure the pH and SCFA concentrations in the lumina of patients with infected pouches to determine whether it is possible that some patients undergo a dysbiotic change similar to that of patients described here in which an imbalance of SCFAs may account for the inflammatory changes. This dysbiosis may, in fact, be due to either the absence or the overproduction of the normal levels of SCFAs, which are known to be inhibitory to facultative organisms such as coliforms. Such conditions may be caused by the mechanical alteration of the normal fecal stream or a variety of biologic factors.
An additional hypothesis that is being considered is the possibility that overproduction of bacterial enzymes, such as sulfatases, provides an appropriate substrate for H2S producers, a product known to be quite toxic to tissues.
Clinical reports of the efficacy of antianaerobe drugs, particularly metronidazole, lend support to the hypothesis that OAs are involved in the overall mechanism of pouch inflammation. Metronidazole has also been shown to sup- press the facultative gram-negative population as well as the anaerobic microflora both in vitro and in vivo (16) .
Clearly, additional work is necessary to document the role of the various bacterial populations in the disease process. The studies that are under way in our laboratories may help to define the population(s) of interest for further examination.
